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ACABSTRT 

PROBLEM TO BE SOLVED: To provide a technique for effectively removing 
metallic element remaining in a semiconductor film which is obtained by 
using the metallic element having catalytic action for crystallization of 
an amorphous semiconductor film. 

SOLUTION: To remove catalyst element used for crystallization of a 
semiconductor film having an amorphous structure, a region whereto rare gas 
element is added, or a semiconductor film whereto rare gas element is added 
is formed, heat treatment is carried out, and catalyst element is moved 
there and gettering is accomplished. A thin oxide film is formed in an 
interface between a semiconductor film whereto rare gas element is added 
and a semiconductor film having a crystal structure 
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l«Miiii±K:«i««a**'r 

f] zmmammtsx i o 1 vcid'wtt^o. 

'„ M©rt8BXte*®jfi&t:::fc^T. ^^T.TCig*U X 1 o 
' 1 ~ 1 X 1 O' Vcm' (Dm&-C 4 S%.nT^Z>mi$.&m-?2> 

*«*©»*tt5 x i o'VcrfeiTT*?), 

" ~ 1 x l 0 ' 0 /cm' OfiaEttint^SMSttS 

ffiifigHtiJUT, ^XtcSSItJU x 1 0"~ 1 X 1 0'° 20 
/cm' ©«fl|Tf^*nTV»4««*«-r* C t 

i. y-h^Mi:, y-h^ffit^TS^MSttSSEB 

SSi&T&D. t&Ey-r-««£«fc*«Kfc:&V»T, 
*6Sxl0"/ci , HTOl«Tt*. itfiE¥» 
fMKOrtttXttMEy- H«fegy|gtO#iSifi»fC43Vi 
T. S-^fXTC^U X 1 0"~1 X 1 O'Vcm'OSflET 

**nTv»*«w**f «tt*»«fr**»«M6 30 

Bo 

T, MEf&#X7CSiiteH e . Ne, Ar, Kr, Xe#> 
##SB. 

asfc*rrsse 1 ©¥**Mfc©«ffiic/t!j mentors 

gt. j»C»2©*##JRt:*^fX7E**iWa2jSJRtFI 
«rXtt-*©«K:*illlUT. »2<0ftJjlMa8tCj:t)yy^ 

stsiet. i»E*2©¥i»#ii*ifc*r*xai:. 

ME/1 UTS S^t^lg t*mutft««it 
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at. WESIi©*W»ttK:->'J=i>ottftft*l!jft-r 
**«7c«*«hilt, mi©iraf?ft5asjcj:0isa«iig 
s*-r*»i©*w#«*»j«r*isi:. fWEieafi! 
jgewrsfg 1 *f-3t*j»atr*xa 

fc, lWEiaft*it*«-r** 1 ©*MMW©«lHc/tU 
7i*i6jS1-^iet. HflEA*>JTS±{C^2©^^ 
flSriWr*lS£. JMBJB2 ©¥*MM*fc*:tfX7C* 

*WEriunirai«x»4-€-©aic*jipuT. ^©ang^a 

ait J: oy y ^ U >y ttf V»«lEMti7C**WlEJB 2 © 
t»*J«8] W#«6Xtei»#Jg7l;:*5V>T. MEA'J 

m#9t9] t*a6xiiii*a7t:*vJT. WE/tu 

&4*«£r*¥»#8fi©ft«#8c. 

0] «*9i6Xttil*B7K*i^T. MEA 

S#gB©f£S!2»*£. 

[flt$£l 1] »*JB6Xtt**W7fc*^T, ttEft 
#X7C3if ttH e . Ne. Ar. Kr. Xe*^Itftlfc 

[ff»*« 1 2 ] 6 X«»*JS 7 tc&i^T. SttE* 

^x7£mtt-r^->aAftx«-f K-yjsfeTssjors 

m*mi 3] »*JS6Xtt«*JS7tc*3ViT. mess 

1 ©jnf&j&ara. /NDy>7>y. /^jw\7-f 

y. ^-fe/>T-^^>y. *-#>T-^5>y. its 

*&tt*gsa*^©(ii*tt«kofT5ci*4#©fr-5* 

[■*si4] 8^6xijf^7i;*uT. mess 
i©M&aia«. «WPtiufc77-*x7=-JMfe 
IC«fc Off 3 c t *#«tr**»#*«ofp«*ft. 

[f&jRSfl 5] W*«6Xtt»*JS7(C*3^T. Wtf&fH 

2 ©annate, Aoy>7>7". ^^A7^H7> 
y, *-t/>7-^>y. *-#>7-^^>y, us 

J9#&B©fe8!W8c. 
[IMBRl 6] »^6Xtt»*JS7ft*5^T. MBSg 
2©lP*Maaf4. «WFt«V»fc7 7-*X7=-^S 
fC =fc 0 fx 5 C £ Zft®. tt Z *«M*:SsB©fP«fc6F ft. 

T, 8}£fl*St7c3!Ste F e . Ni. Co. Ru. Rh. P 
d. Os. Ir.Pt.Cu. Au*^StfHft- 1$ 
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iftmammzmii 

[0 0 0 1] 

bT««r*««^***tj'b©t"r*. io 

[0 0 0 2] 

[fi£3fc©&ffi] TFT*fflt»T*«EI6S»J«r*fc«> 
*»4«B«SnT^*. *I#K(iTFT(Dffitti (C 

O %> ©jPiMftM K T F T ©«SL«!}#tt £ fca6 3 gifi £ ft 

[0003] *ga#tit**rt- z¥mftm&i&f&? ; s>iz*b 

ft^StbTSgateS****^. «*MFSJllr»TiIlS» 
MS^fTV^S-fb^tir-S^te^l/^nT^-S. b#> 

tt^&AO. *©ISft#miffitfc#lSlfcEGlbT«» 
T5££a<ffi3l5ft^T^*. ■*©&©»=, visa©** 

#fcJtttbT*+'J7©»»jWXA-XfcfT*>nr. T 
FT©«ftW»tt*«!llS-r«KHt&oT^*. 
[0 0 0 4] dtlfcfcfU 4$58¥7 - 1 8 3 5 4 0^ft 

bT^U3>¥»#JK*lBafc3i**fi«"C*D, 30 

4«7cA»v»*>«i*iKt&oisaft?6ffiJiu, -*n 

TV»*. SSKl, *tttf*»OTfc<»a>*ffi©eG!ttS 
***itt>?r06ta:r3T^*. tt«|ftUfl©a*7G*£ 
1/tttFe. Ni, Co. Ru, Rh, Pd, Os. I 
r, Pt. Cu, A u i> 5a«nfc-i$fctt**lT 

[0 0 0 5] U*»U ttJSffUll©%«&M7cX (CuT? 

&m<oRf*wim*tm\z\t. mm&m7tmt>m&v. 40 

TFT ©«SiW#tt£ tf & ft <!: ©WHtf** . 

TFT©t7t«*»JWDL. fl^OS^IHTtf 
6^<ftfO|!Ii)J«»5. i!P*i, iKaftC»Ltt«EfPffl 
©£>-5&«7c5iite, -l^SMWMSnTl 

[0006] i^^fcy-^'^Win i^a^t© 

^lC^JnLfc^«7cigSr5 0 0 < CgS©JOf^®SJC*5^ 
>^ftlLT4 5 0~7 0 OtOMl^ff^utt, 50 
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«. Itf^fg 3 0 3 2 8 0 1 JflCM^StlTH*. 
[0 0 0 7] tC5t. y7j"J>^8*ttt. 2"Jn 

^ U >^m$r ; bfe-a-^Xi7X h 'J >->>y^y<y^ U > 

pg©S*«*5PJffl bfc'f > h U > > y * f v *V > 
ttStlTH*. X^X h'J >->y?yy^"J >£ffctt. 
->iJa>^ZA-©gI (m^*^fi£TSS*fffliJ©®) 

Tsars. Rtf»j>**s«r«3&acftif««a6nT^ 

*£«im«®&©S!it8ffi£bT3gJilb, ^BfCMofc 

*«fcK* , t>**iiB£nifc *>©■?**. wrtucbx 
£. <sj€>^©x^.;^-T^»S*m^©«« (y-v^ 
y.y^ij>^{§«) ©&R*i&^}Sg£<6M£i*--Sfc© 
[0 0 0 8] 

KHUjWJWtbJ: "3 ilJHt-iUnl 

n. k-a> h t. Liio e.n-57c^T»-5. seot, m 

*m^tzf y?>) >^ttTFT©«ifixSK:tfc*SiW#a 

©*safc©*fc*w#KK*x bfc&*^**i»s-r* 

^bfcttntfft&fct>»©«flEttl x l 0 IO /cm s £(. 
Ji, jfSKIllxiO'Vci'Tif), F— fcf>^fc» 

tiax-rs-r *>©K*»«*fft>ftv»*ft*ituTv» 

•5) fcJ:SjP©^Jn(4, *HW*«l©#aiWb**>fc6 
U «flbK©M©«M£*©ft©M3aft:$B)tlcbT 

[0 0 0 9] *»Wtti:©«t'5ftW«*Wft-r*fc«>© 
fSTJ&O, *8W*K©»afl:K:»bT«ijatfPffl©** 

7c**3ajR»»ci»*-r*aiis*ii«-r* ut&iwit 

[0 0 10] 

k. *5gw«*ae«iii*wrs*««:iK©iea<i:icffl 
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[0 0 11] UttWfCte, *f&W<n*mft$im<Di¥MJi 

esu i <D*m#mz->v n >e>wi&itz&)&-rz>teM7t 

MEAU7JS±{-m2©¥&^£(£l8&-t-5Xa<>:, w 

©^ClSsJnLT. Sg2©Jn??&&JlJC.fcDy>y*U 
ffV»ffiE«»7C*£ffiE« 2 CD^flsJKfC^ft^-a-SX 

gt, *jte^2(o*^iii^i^*-r^xe<i:, mead 

[00 12] «MWKS*#r***JC->'J=i> 
*t*»tl/#a«iJfiS*t*JB 1 ©¥»#BI£^fi!G 

lit, «8B*Sii«it**"r** l o*«M*:M©*iiifc 
A»J TmZMf&t&Jimt. jfflEA'J TJ1 ±tC?f§2 ©¥ 

7C**WBJ5RBItra«FXK-toaK*lPLT. 812 ©Jp 

2©^Ml:ii^t5lIi, iWESil 2 ©#»#]& 

Arc us. 

[0 0 13] s&tt. i6t*iS5tt?.8«i:>'U3> 
£Xfi£#<h b#*H«ifi**r-r*» 1 ©*i»{Wlt*»J* 30 
f*lS£. «IEIBl©*W#:Btfc^y3>©ISafl:t 
»*r*Mii7G*«*10l,T. &l©;taMfla£J:Qitt 

»«is**-r*jisi©*w#Bi*»*-r*iei, me 
sK-r-sxat. wE/ , « , J7»±Kjis3©*wftBt*»rit 

tsiit. WEfB2©4 £ W#W«fc:#^fX7c**(WEJ« 
■!£HI*X»«-©*fcWllUT. ^2©iO^MS(C=fcO 

gt. meautji ^sr-axst, mm&&mm& 40 

ft^« 1 ©*MMMJtfcl'-~ tf-^SBBIfrsxSi* 

[0014] s&tt. «Wili*#t*I«i:5' | J3> 
£Xfi£#£ L#aS«!3g*Wr-5m 1 ©¥3KMK*»ric 

-> u >©*M&fc*B«T*tt!«^*s*;!irr*ia 
t. ME#ftK*iBStfT*m ©¥*#*^*iBCM' 
'J7I***t*Iii, ME/N*'JT*±IC^2©^ 
*M**»ric-r*XS£. flflESi2©ittlMMBK#;*f;*7G 
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mm\z&o. ttE#afttt£&*"r«& 1 
ttftftss-tt-iiftwa**^** 1 ©**#«*»*-*-* 

nt, i»E»2©*ii>#gnfe»*-r*iat. wea- 
■jtjbsh***- sxat, WEttft«ia*«-r*jB 1 © 

[0 0 15] Sfclt. «fei^*ffiXlC->'Jn>©i^aftS: 

tt«r*«Ji7c***iiirrsisfc, me«&Ms«w 
lcf^isMt^iet, tte?MMMNfie*-r 

*m©¥»#W©*BiCA , U7 , Ji£»j$'r*Xgi:. 

si»E*ftR«iJt**-r*» 1 ©^jwmukjb 2 ©^^ 
**«UEi«iitrai*xj4-t©«K»iin-r-6xat, jjd& 

MStcJ; 0 . iffiE#aSt*tit£W-r*SfS 1 ©¥9»»K« 

neafts-a-KSftfliisswrsjB 1 ©¥*s#ii£i£^i£-r£ 

t*JcfiE«jl«7C**MEm 2 ©¥*ttKl;:&M£-8--5 
Igt, iES2C¥I#lS^t^Iit, fl&EA 
iJ7l*l*St5Iit, B&E*S&«ji£*rr*SB 1 © 

[0 0 16] t&EAU 7)114^5 #JP:**-tM' H©«* 
ffiffc -> U 3 >mti H £X A y 5MJ > ^ X V C V 

[0017] y^ioy-tn' h*»j«-r*fc*»c«an 

f -S^tfXTCjjiteH e . Ne, Ar, Kr, Xe^6I 

tf*ifc-a*fc»4*»ca*fflir»*. -5-lt, ens** 

X7G*tt, -f *>ffiX*X»4'f*>H-7 r ftT»ftI-r* 
*>. sfel^4WE^2©¥^IK2r«^-rs«flC|H|l^tC«l 

[0018] »»b*ff'5fcje»©»i©ipjiwaa 
5>7\ *BE*«5>^sa«nfc-a*fct4it»a 

*^©ffi»fC«fcOff 5LRTAS. XI2MUlK>7JI'=f> 
ft t'W^gttMftS JDlil tLTffiHSGRTAft^ 

[0 0 19] Sfc. yy*U>^*fr'3fc*©SBl©iO 

>jfA7>7, *ffi*«9>^sa«njt-a*fcf4 

*Ra*»6©«ll*K±0ff-5LRTAffi. Xtt£sii^7 
JUi >fc £©*«tt«,#:SlnllM«R tLTIMGRT 
Att*«ffl-r**V Xtt«(WF*fflV»Jfc7r-*X7r. 

[0020] ;r©J:5fcfM*ttKJ:»j»sn**«9l 
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M£WU iW?B¥g#JKfc^£n-5&Sii©i8Ste 5 x l 

o 1 ■ /cm' ktts o . wim*mi*m<Dft&x\m&iB.® 

CiJUT. f&^fXTC^AU x 1 0"~ 1 X 1 O'Vcm'CD 
-5. 

[0 0 2 1] nt©«?fi£fi. *feig:«®±{CiSgffi«lig 

S3#l8itc-£;£*l*®Sff©i§gte5 x l 0' Vcm'^T-C* 
7C5fi#l X 1 0"~1 X 1 0"> /cm* <Dm&-C^$.tlT^ 

[0022] f&m»m±^i&M,mm 

ftrz^mft&miz&^x. wtB^^Ktt. mw- 
hnmtmtezmmz&^T, mm&5x 1 o'Vcm'jy. 

-h«fiigiJS<hcO#iBffi^(ci5^T, ^Xytm^l x 1 
0"~1 X 1 O l Vcm J CDilST^StlTU^®^^Wr 
3£££#®<hLTlA-5„ 20 

[0023] s^. mmmm±izm£km& 

6g*£Jci5^T. &sfi£5x l O'Vcm^TOiiST*-^ 

©^Bifi^lc^T. ffrtf^TcSsa 4 l x i o" ~ l x l 
o 1 0 /cm' ©»«T**nTv>*«***rr* c t z&m 

[0 0 2 4] 30 

5 ^mftmo-zw iztemitm © $> z> smitm &±m \zm 

[0 0 2 5] mi (A) ICiJl^T, MlOOH^OW 
+>^i 1 0 1 tlTMIfegi^ 1 0~2 0 OnmOf 40 

vcvDteTf£§a$n-5&{fcg{fcvU3>srr&ip, s 

iH„ NH„ N,075^f^«!^n-5^1^{b^b->U 
3>JK*5 0nm©JP£lCJgfi£U S ifti^O*^^ 
fi3tll.g2Sftgjty'j3>Ji$: 1 0 0nm©J»^(C^ 

aiSK^tis t;^ u &«a< c ©±n ic^figf -a ¥^ 

[0 0 2 6] Zfny*>i/m 1 0 1 CD±(Cjgfig-r-5#a 50 
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m®mzmT2>*m&m m 1 <D*m&m) 102a, 

^V^«X/1<y^U>^ffiTl 0-10 OnmWJPSJCJgfiS; 
£5X 1 0"/cm , ^T«C®i«$-a-T*3< t&H. dftS. 

[0027] #m«i&**'4-«¥**iii 0 

Z&mTtmtLTtefk (Fe). ^y^A- (Ni) . a 
/tJUh (Co) . (Ru) . DS^A (R 

h) , nWVJ* (Pd) . XXS.'JA (Os) , -f ij 
>">A (Ir).a4 (Pt).I(Cu).4(A 

u) o. c:ti6*»6atfnfc— 

SJBv»* eta*-?**. «aflS»ctt=ydr;p*fflv», fi 
1MT1~1 0 0vw<Z>—v 'r)V&Stsm&—y J !r)V 

1st * x uttt^ti 1 0 3 *»j*-r 

*. d©*^, -aBE»«©»i|»**J:<T*fc»lc, # 
SS«jg&#-r^*^JK 1 0 2©*®&a<i:LT, * 

7 v m t ji^<b*m*©ji-&^Tx * > yiT»^ 
[0028] mm. mm^mmi 0 3«c©<t5^s 

«#^m«ig^*T^.*»^l 0 2 £Jfcfig-rSinK IP 
^^□y + >^Il 0 lilCMLTiS^TtA^. 

[0029] #aft«ifi**-rs*^igi 0 2 &ttflt 

^i'^ffllifcBtraSRT— — >>U (Rapid Thermal Anneal 
ing) ft (LRTAS) ^XJOf^ 

tt<DmmbT--)im (grtas) $r^ffl-r-5. ± 

aHt*#JW*t, LRTAffiXttGRTASSMT 
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too3 0] LRTAm-cftom-Buziz. m$&mv>7> 

^Jg^l~6 0#. iff* b<t±3 0-6 0*J>,6*r£ 
tt, ^*l£l~l 0 GO. $?£L<te2~6lHli&5!9jgTo 

*W^W(C«6 0 0~1 0 0 0"C. }fJL<«6 5 0~ 

7 5 o , ce«(c*-cft]^$ns«k'5ic-r^. zco&ofs. 

9. S«l 0 0tt*ne#d^S^^TSC 
itt&V>, z. o l/T, #SM«$it^*T^*««i:M5^ 
ftflsS-fr. 01 (B) t*-Tttft«iS*«-r**iB#:il 10 

[0 0 3 1] fOttO*S«!:lT7 7-^X7--;m 
SP^MStC5fe5i^. 5 0 0"ClCTl 

Hti o 2^wr-5*^*ssca$-a-T*5< 0 ^lt. m 
mtp&m^T&mnmm.<pizT 5 5 o~6 0 ot, »s 

L<«5 8 0 < CT4B#ffl©iO^©a*fTV^S^$rfT 

3. ci^LT. hi (b) fc^re»«ia**rrs** 20 
ttflt (iio^i) io4«»i*n. 

[0 0 3 2] aSCISJfcfl:* (j&©-£#«Xfctffi«ysfc 

**UI&S*Hrr*;fcaK:tt. mi (C) T^TJ: 3 icjg 
MtiEtt*-r&¥tt«l4Rl 0 4C*tLTi«»j|tftt4 

l/-if-CI«S4 0 0nm«T©x^r^VU— tf— 3fe 
H#W— if— If— , YVO.l/- 
+F— . Y A 1 O s V — +f — SfcHY L F U— tf— CDSS 2 

km*. m3mmfo&m^z>o mmstmxs— *f-m*. 30 

[0 0 3 3] &if^g|giy©YVO, if-£JBV>&« 
^tCte. ^fi^^iC«t*3^2^5ilj&tC^«iL < 10 
WCDX^JM 1 - hf— A* 1 — 10 0 cm/sec ©i§fifT;fe* 

[0 0 3 4] /i;PX5gtg«X+->Vl/-1f-*fflV^« 

s&Oigbj^i&gci o~i 0 0 0Hzgs©/t;i/x 

I'— »f-3fc£fflV>. !f-3tt*>t**fcT 1 0 0 

-4 0 Oral/cm' dlftftU 9 0~ 9 5 %<!>*— K—y y 40 

U— if-flttS £fro T & 

[0 0 3 5] Cl©ct3iCLT?§6n-5i^S«iS*Wr-5. 

(^i«*^ik) i o 5 tea. tet&Tcm (c 

CTIiX7^) /&<5S#LTt,>&. -€-n»4««fK:*V»T 
1 X 1 0' Vcm'£j8A5iggTJS?¥LT^-5. *>H, H 
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[0 0 3 6] £t\ 01 (D) \Zm?£o\Zl£ik®m$: 

m-rz*m#mi o 5©*®ic^^a*u7® 1 0 6*f 

te* '/ >*TMSf -5 H £ K J: 0 J£fi£ £ tlZ T $ * Jl^ 

*if-r Ftftffli/Tt)A^. sfc. anR. mmu 

IC^rS^^^if-f HSr^J5Kt*-5dt^T#-5. ft&©# 
*l?H^^T©SI^RgitfC J; 0^/>^$tTgS 

w 2 o o~3 5 oximmzuam^Tm^mtm^m^ 

7./t-y^U>^ffi. ^»ft*<h*-ei~5nmSS«^b®i 
[0 0 3 7] ^-OitC^^XTCVD^iiS^&XA^ 

? o >ym-?*m&m cm 2 o^mitm) 1 0 7 & 2 5 

~2 5 0nm©jP^T^-r^.. ft^WCttlfiSv'Ua 
>K«JWW*. CO*i»#J«l 0 7 tt«KR*3ct**© 
T. ^S«liS*#T-5¥^ffiil 0 5tl7f>y®I 
S?lt^ii5<-r-&rc*. &a?©ffi^JK£LT*5< Ct^s 
#h&»v'J=i>ig|£^X^CVD?£ 

-r»riw**^icH:. ««s«£i 00-20 ox:mm 

£ IT. ^tC*^^2 5-4 0jj^%^£-itT*5<. 

/iv?-r2>z\£\zjit) frmzg>mizm*iz<£$. ^ t 

[0 0 3 8] -f*>H — 7%Xte-f ^>ttAte 

0 » *mfcm 1 0 7 (C#^X7C^^ 1 x 1 0" - 
2 . 5 X 1 0 1 1 /cm 1 ©SStttftSi 5 KSsim-r 
Snii«EEtte.«^ ; foCDi:'r-5^, ^^XTC^T^-Sfcfe 

ffiA$nss^x©<^->*ti|£^^i 0 7 tA-'jyjf 
io6*ao»w. -«3WB««nft**-r**w#«i 
0 5iz$.-emvT*>ffifrtz^. ^nx7tm\t^mwm'p 

i5.mz*5^T 1 X 1 0"— 1 X 1 0 !0 /cm J igfi(D^i*T 

[0 0 3 9] ^H7,7tmiiVXit^^^A (He) . * 
(Ne) . T;Ud'> (Ar) . ^'J^h^ (K 

r) , +-fey> (xe) a>&««n&-a*&tt«s« 
i«-ytt*wtt-f *>aA^i?¥^#:®itcaA-r«. Z\ t. 
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;i/^> (Ar) , i7'jyh> (Kr) . *-tr/> (X 
e) ifei*v-'J=i>«i;0lg : P¥S©^:#^7C^«rffli/^^f 

[0 0 4 0] >ySr«HlCfi£U^tf^lC^© 
&ini^S£T£££j!><&g<t&.5. Jraf^MS^^T-- 
^7--M^LRTASXttGRTAttTfr5. 7 10 

4 5 0~6 0 0'CT0. 5~ 1 2B$Pfl(DiP^5aSS:fT 

■JltM* 1~6 0%l\ #£L<tt3 0~6 0fJ>i«r£ 
it. ^n£l~10HK »Sb<«2~6HllS0jgT. 

)OTI*IB!WKtt6 OO-lOOOt, (ffSL<tt7 0 0~ 

7 5 ot:s«tc^-ctt)^$n^j;pic-r?). 

[0 0 4 1] d^y^'J^te, ^y-y^"J>^ffi^ (« 
®1M h) {Cfe^tt^7cm^X^=P-tC<tD*5fffi^ 20 

ma^, *m#mi 0 7 iz^^n^^^ytm^mmz 

OO'CUTF. LRTAffiXUGRTASTff^g^CtJ 30 

8 0 0t£JiTtt^TJb5. 

S^-lCte. RKWtC 1 0 0 OtSTUit^iifcTt 

[0042] m. ^©jpsiMflajcioT'bi x i o*Vc 
mvifegkik&m^-rztzibT'&z <t#*. ens. 

[0 0 4 3] ^£>|£. #&e¥3|<*: l 0 7 Sril&tfHClX 
y^>ifVX^-t^>. X-v^>y<Dj3ik£LT\t. C 40 

WltK?^. ^hyX^I/T^x^AA-f Ko 
**1MF (CH.) , NOH) £^tf*J§i£ 

& £ 'J ct & h x *, ^ > if~cff oz.ii 

-ittittS. A*'J7llO6(i^0S77 

[0 0 4 4] ^5LT@1 (F) (C^f J: -5 {CfcfciJETCPSi 
omm&l X 1 0' Vcm'^TJCSTMC^tXfciiSIM&ift 
£#T-5¥®#IK1 0 8*#^.^<h^T#^.. -^t,T 50 
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»dE*n*:isii«a*«-r**9Mwii osn mmjt 
m<Dftmiz&om^wftx.imi<>ia¥Wftm&£i,Tie 

S*^M1 0 8teTFT<Z>«teli<D*T&<. 7*h 
-5. £fc. SO I (Silicon on Insulator)^jg©*^#: 

miz*i-r2>yv?i)>>f<!H ! wizmm-tz>z\iib-ezz>o 

[0 0 4 5] [§Hii6©JIMi 2 ] 0 1 1 te*?gBJ<Z)-^ligJ£ 

mz-D^Twiwrz. is. ii i -citmm^mm 1 id*, 

•5. 

[0 0 4 6] 01 1 (A) Stf01 1 (B) «5IJi<Z>J£ 

sgi tmme>T.m-c$>t). s«i o o±ic^d^+>^ 
hoi. #&nmm&m-rz>*m#m 102. 
**-&*rr*» 1 0 3 st^ekl^. ira^jaaic^oiS 

»l8ii**rf-5¥3MttBtl 0 4$Mt5, 
[0 0 4 7] ^-cq&. 011 (C) IC7K-TJ:5K. &a 

«jg&#-r5*«(*:ie (mi 1 <D#m#m) 1 0 4 cd^m 

l:/^J7H0 6*Ml/. £e>f::¥*g#IBtl 0 7£® 
eTT^. *»#I8I1 0 7Kte^#7.7c3t£'f*>&A*£ 
Xtt-f*>H-^STlxlO !, ~2. 5X10"/ci ! 

[0 0 4 8] fH. 011 (D) tc^-r J; -5 Jcin^M 

m&y 7-*X7--)l& J $>L RTAj*X«G RT Aft 

igtfl:T4 5 0~6 0 0tT0. 5 ~ 1 2 B#^©Jnl^ 
mm&'tro. LRTAS*JBV»*ldl:lt 
ffl©7>7"7tiES:l~6 0g'. £FSL.<ti3 0~6 0^ 

^trs-fr. tnsi-ioia, »^b<«2~6tei«jio 

^igdtgnawtctt 6oo~iooot\ l < « 7 
0 o~7 5 origstciT^f&snscfc^K-r^. * 

fc. «S8RSS*fcHA;i/X*tB©YAGW— tf— . YL 
F U — -tf— . YVO, V— tf— <Z>^2iSSIS« (lS«5 3 
2nm) *R8jH-LTfey-y5"J>i) r *fT3^t**T^-5. 

^-\z^om.m^n. %m\z&yy>fy*?vy9^v\z 

«fc 0 ii5MT?£& -5 S if@B#p B lxy v *>) > iftmts Z.HZ 
tt%o 011 (D) IciJViT^EPT^f M^tc 

[0049] ^. ^©jn^aictoTfe. 1x10" 
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[0 0 5 0] *m#m 1 0 7 ZMRMZX. y =f- 

>^LT|&5&f 5. I'yf>^JSi:LTIJ, C 1 F 

■tM H ({fc^iS (CH.) ,NOH) 
TVI/TJ'JiSiBtKcfcS^x-y hx^^>i/Tfr-5^i^T 

^©s$A*'j7ii 0 6tti'>f>yxhi/M-i 

LT^figT^. Sfc. AiJ7I10 6l«©i7 7SlC 10 
[0 0 5 1] SglCtHMttP «©^«(C*J^Si^S 

^.fe*»c«. 011 (E> -e7n-?±o\zm&mm&mT 

W#|T£>5<, U-if— {C«jgg4 0 OnuLgTRBX+S/V 
U— !f-3t*. YAGU— y-©*2iM«ft, Sg3i«lS 

StSI^S. ^-fn(cbTfe> *St>iILJiii£iU 0~1 
0 0 0Hzi*Ig<Z)A;UXU'— tF-ft£fflV>. tf- 

3t 1 0 0~4 0 OmJ/cm' IC*;)£U 9 0- 20 

1 1 

[0 0 5 2] [&m<DMm 3 ] 0 1 4 

±® icftk&fe/fl <z> * -5 &«7cPif * £B (casta L&Mhitt 

[0 0 5 3] ST, 014 (A) fC^-r^fC, yp-y 
*>yi3 0 1 ±tCfl4«7cm^W^ 3 0 2 £Jfcjrr-5. 

[0 0 5 4] 014 (B) iZ^T^Oizmmm 

mm*mrz>*mfcm («i©*^i) 303*, y 

^XVCVDStiiECVDS, ^teXA-y^u >:7" 
SsT 1 0~1 0 OnvKDmZiZMlfc-rZ. £ 'bJCA'U 7)1 

304 sjgfig-r-So z\t\z> <Dmm^mtmm<Dmm 1 1 

[0 0 5 5] 014 (C) -C^-r«k^fC. ^-CDJtlC^^ 

m&m 3 0 5£2 5~2 5 0ninK>J?£TJ£)5ST£>. ft 40 

0 511 ^tt0^lC^*-T^©T, *flE©«V»JBtbT 

[0 0 5 6] ^<Z>&. -ft>K-/SXl^t>ttAffi 
l£cfc 0 , 3 0 5 Kf&#X7C3fta* 1X10"~ 

2. 5 X 1 0"/cm 1 COjg«T^$n^><t3lC^tin-r^. 

SEASn^f^fX©^*>WS*l3 0 5tA'J7i 

3 0 4*»Dtttt. -gs^#ast«ijgs:=fir-r-5*ie«:jg 

3 0 3C*TlLTt)ii3ftK =?&#X7t3tte¥«#llg 50 
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©Sffiifi&ICfcl^T 1X10"~1X1 O'Vcm'gae© 
[0 0 5 7] ^UT. 014 (D) iZ7jk-r£o\ZMmSl8 s 

K7>^. *-fe/>7-^7>?\ 7J-#>7-<77> 

fcLRTA&TfT?. Xte, gift, T.U' 
«EK t LTffl 1^-5 G R T A&Tff 5. 

[0058] LRTA»Tfr^«^i:tt. ummv>?> 

•fft&Z 1~6 0g\ ifftt<IJ3 0~6 0&MS 
-B\ •Zrtlg: 1 ~ 1 OtsK U < tt 2 ~ 6 0JiO SET. 

t)mmmz\t6 o o~i o o cc. <f?£L<«6 5 o~ 
7 s ovmmzti-cisaf&znzjioiz-rz. z.<D&otz 
iiiicftofct Life, ¥m<*mwmmm\ztomtstiz> 
0 . 1 0 0 te^-na #^^T^^'r^) c 

«, io^MS{c5fe3t^» 5 0 0ti;xi n#ras«oDof» 
«ia*fT«r». #««*ja*#r*iiM«ww3 0 3#^# 

milH^,'t , lCT5 5 0~6 0 Ot;, $fSb<«5 8 0*C 
T 4 B#^«JO^MS*fT^iSS^*fT ft. 
[0 0 5 9] £©artlM&«k:,kD, ftktt7E£**#AK«! 

it**-r-5*^M3 0 3\ztkfrtzis, sumt^-a-te^ 

^###i3 0 5lC^^t (014 (D) <Z)£cEP3 0 

7<Dj3ft) jgsrr*. rnicct 0 1 iHKDSn^aTi^s 

[0 0 6 0] ¥^H3 0 5£StR#JtCX-;/^ 

>^UT»*-r*. X>.y^>;7*©#i£<*:LTte. C 1 F 

tF7V>t, T^h^X^T^X^AA-f h*P^ 

IMF (fl^SS (CH,) ,NOH) 

7;U7J U^ICt-S^X^ h-X-v^^^Tfrft Z.trfT 

&2> Q uffl^n'J7i3 0 4Hlyf>yxh7/t-i 

isTmm-rzo sfc. n>j7i3 0 4tt-E-©t7 7Kc 
[0061] 014 (e> izm-r&5\zMm7tm<z>m& 

**ixi 0"/cm s KTtC*Ti«i;f»nfc:i^S«3g*Wr 

^mt^m vm 1 ®^^> 3 0 6 zmz>z.ttfTi* 
sbzfctbizi,*. nmommi izmmizu— *f-ytzm%t 

[0 0 6 2] Z\olsTMf8.2tlZ>f&M,Mm&1iTZ>*m 

M3 0 6H tem7Lm<Ditmiz£QM^#vtx.teM^ 
J:53fti8*«ie**rra*w#ii3 0 6{iTFT©eft 
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- to o 6 3] tmm<Dj&m4mmo&mixte2\z£i^ 
mmm&&?z>¥-mftmi o 2<7)^®{C}5^a-utbi 

• 0 1 x 1 0'«~ 1 X 1 O'Vcm'ligOT^-fe^XteF 

- m<*mi 0 2tff£®itLtz&<D¥m#m<»mm?®m& io 
zmmTzm-eiizmm-rz z £#-e#*>. 

[0 0 6 4] -?-<D^«llifi»C}gS8lX«2<>:lll^{CLT 

&m<D&m3 tmwuzi-Tmi 4 (b) et^ois^fT 

[0 0 6 5] KJ6W^5]mg©^17!jS3(C43^ 
X 1 0"~ 1 X 1 0"/cm s ga<7)Ti7-b^XttH^— 20 

[0066] z\z.T'mto2nrz~mmm<D^MV07tm 
a. 4 o o~6 o oxuzmmmmiz&vmmtv. 

[0 0 6 7] 

imm&n mmmi]^m^m^xm-mm±izmm 
mt. wm&<z>mm\zm-fz>mw)®&v>TFT (n^v 30 

S^©-CT{'OUTia4 7IiS0 8 iil 0£fflV>Tta 
[0 0 6 8] 134 (A) IC*5^T. S1&2 0 1 tetf^X 
->U3>1S, &J§S«£75:teX^>UX 
^XS«SrfflV^^-&tC«. mZtfO. 5~1. lmm<£> 

2. 3 7g/cct^^h<D^mm-r^>z.ttim^.v^o 

[0 0 6 9] fLT, 04 (A) (C^f J; 5 fCS« 2 0 

^'J3>I (S iO,N,) ^«if&»B|j&^fi£-5:7*D>;/* 
>y«2 0 2$r^-TS. ft^tfJfc-Wi^o-.y*;^ 
12 0 2 «fcLT2JH8iia^B£9. S i H,, NH„ R 

N, 0££J&#X <h LTJ&lg|£n-3Sg 1 KfcgMtS/ U 
3 >J& 2 0 2 a £ 5 0 ~ 1 0 0nm» S i H, . K.tf N, O 
$:SJ^^fXi:UT^$n^^2^t;^b->'J3>m2 
0 2 b£l 0 0~1 5 0nm<7>m2\zmmMtfL?Z>Mm& 50 
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[0070] ffittitt5¥S*itt. nmowmm 
^5m*?nfr\z&r>tf-§!Lt<n2>m&ffim&m-?z>¥m 
#mzm^. *rt\zg,vnzft&\i,T¥m{*m2 o 3-2 

0 6 4Mt*. CO^MO^tt2 0~10 0n 
}fiL<IJ3 0~6 0nm<tT3. 

[0 0 7 1] &^T, &#IC#lti£*lfc¥jS#Jf 2 0 3 
~2 0 6SrSoy-h*fe»^2 0 7£jgj£T£. y- h 
*6^2 0 7«. y^XVCVD&^X/W^'J 
TJ£fi£U -e-CDJP$Sr4 0~1 5 0nmi:LT->U3>$ 
■^Oitfe^T^fiJc-r-S. £©y-hii&gUSIWu -> 

:i^T^5. Sf{k->'Jn>MS-ffl^^«-&(c«. y? 
X7CVDSTTEOS (Tetraethyl Ortho Silicat 
e) £O t £i!^U SJ&JETJ 4 0 P a , S«iSS3 0 0 
~400tib. A^iilt (13. 5 6MHz) ntl'Sg. 

0. 5~o. sw/cm'-cssctts-arT^-r-scit^-c^ 
&4 0 o~5 0 ox;<DmT--Mz£t)y-b&mm£ 

[0 0 7 2] y-h$6Rffi|2 0 7±tC«J^J¥2 0~1 0 
0nmcD^lCD#*lli:bT^{b^>^;l' (TaN) 20 
8 ffi|J¥ 1 0 0~4 0 0nm©m2(D#«^«i:LT^> 
^X^> (W) 2 0 9,!:$iIMri.. ^- Hm<S£ 
0fig-r^fc«6©^«tt^<t:bT«Ta. W, Ti, M 
o, Al, CufrZMttntzTtm* £fctemfE7Cfii£± 

>«Hc«**n*i|i»#Bl*fflv»T'b«tv». mi 

<DmmWk*?>?)V (Ta) ITML. Sg2©aS^ffi| 

swieii-r ^io^«jK*^b^>^;u 

(TaN) Bn?JB5/£U g§ 2 ©^ttM^r A 1 Wk£-?Z>U 

a^fe-a-. si i oimmmzmt? >?)v (TaN) it- 

[0 0 7 3] ^{C. m4 (B) (C^TJ:5{C^®7tXig 
l:<kO 1/yX 2 1 0 y-h 

mM&zfm&&j&f$.-r 1 ©x-y ?>^mis 

?t-5. X-y^>^(CtiI CP (Inductively Coupled PI 
asma : R«^§I^7X7) X>y5 L >^ffi*ffl^-5 
1^^. ffl^i-5X>y^>yffl^X(cKS^«^V^^ Wf-Ta 
N©X-y^>^(CttC F, <tC 1 ! tO, t^fflV^^t 

atjSLT^a. ^n^n©^f7>gitajts:2 5/2 5/10 

(SCCM)tL. 1 P aOJE^Tn-r;i/SO«S(C5 0 0W 
©RF (13. 5 6MHz) 1^^1X^7X744 
^LTX-y^>y$rfr-5. S«#J (K^7.^-v) ICfe 

1 5 0IORF (1 3. 5 6 MHz) l^^AU, 

> \Z cfc 0 WIK* X v 3- > y L 1 CD®«B 
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[0 0 7 4] CI©&, Wi2<DX.-y^>t/&mz&Z., X 

Xgftfiit£3 0/3 0(SCCM)<hU 1 Pa©EE?;-e=K JU 
S?CO«ffiir 5 0 0W©RF (13. 5 6 MHz) f^SiSA 

5. S«flJ (K^X^—>*) \Zh2 OWCDRF (1 3. 
5 6MHz) t^SSAl, HaWlCA©iSAW 7A1 
JE^EPJnT^). CF, tC l t £jg£L/tfg2©Xy^:>- 

n^»o &*5. y-h«*K±KaaE«»-r;rfcfc<xy 10 

^>if-r^tztb\Z^ 1 0 - 2 0 %gKcDfiJ-&-CX>y3 1 
[0 0 7 5] ^©SlOl7f>i'MIt(t 

m%.ztm2<Dmmm<z>i®mtfT-rt-&viiit£z>. c:© 
m i ©x y ^>y«aaic «fc o m 1 2 ©*« 

a*»6**jBi 2 1 1~2 1 5 (mi© 

ill2 1 1 a~2 1 5 ai:f2C9iti2 1 1 b~2 
15 b) y-h«fei^M«. Il©M©i 20 

SI2 11-21 5T?«*?n^Viffi«^2 0-5 Onm*§ 

[0 0 7 6] -5-bT, llf«©#fi*VX^iH 

©m i © K-tf >y«aa(c*5tt^-r^-> F-yffi©^# 

te. K-XK5X1 0 ,4 ~5X1 O'Vcm' (ftXttlC 
ttlXlO" /cm ! ) tb, SnSmffi^ 6 0 — 10 OkeV 

■ 211-21 5Rtfy-h*gig|M©lglJ¥©;M£*iJfflL 
T&¥^#:|f tC^M#>fW£fT?,> d 5 LT, |10n 30 
i*i#fi*2 16~2 19*MT5. ^lOn 
M¥#^ffi«tc«l Xl0"~ixi 0"/cin s ©i8&^ 

[0 0 7 7] l/^HW4S7W2 10$Bl 

£-e-r«c0 5 (a) \zMTJi?\zm2<D3iy^>>fmw 
&no. X7?>^ffl#xi:c f ( t c i , to, t^i 

<r>. ^■n j en©^XSitSJt^2 0/2 0/2 0 (SCCM)<i 
U lPa©ffi^3T?n-i';U^©fl;®tC5 0 0W©RF (1 
3. 5 6 MHz) IA*»ALX^5XV*4)8LTI!/ 
^>^*ff5o S«fl'J (H»Xf-y) Ktt20W©R 40 
F (13. 5 6MHz) t^SfiAL. SlOI>^>^ 

©x-y^>y^#icj;owM*x->5 i >y-r^). 

T. W|g$SSttX7 f >y ITS 2 ©f ttCill 2 
20-224 mi V>mmm 2 2 0 a~2 24ail2 
OltI2 2 0 b~2 2 4b) «2©M 
©^«P2 2 0-2 2 4TBfonttl»y— hlftWitta 
etC2 0-5 0nm^Sx-v?>y^tl^<^-5„ 
[0 0 7 8] tLT, l/yXh^f.JSSVXi'^St 
■Tt::?g2©h'-fcf>i7 r 4tag£f7i^ *WflsJit:H^— £ 50 



&«*«*io-rs. F-e>i'»itt-f*>i<-7 r *.. 

F-XSS: 1 . SxiO'VcrftU i)05£«EE£ 
6 0 - 1 0 0 k e VtLTfr 5. £©«•&. m2MVt<D 
3MIJB2 2 0 b~2 2 3 b*W:at*VXi?t6:?) < 
Be*-&«IC*2©nffl¥i»#«K2 2 5-2 2 8*<J§5 
I©I«l:ttlX10"'vlxl0"/c« , ffl 

[0 0 7 9] ^©&, < ?X?2 2 9&»J$U I3©I 
y^>4f*Ul*fT"3. Xy^^ffltfXtCSF. iC 1, 
tSfflVi. -e-tl^*n©^fXi5fESJt<£r5 0/1 0(SCCM)<h 
U 1. 3Pa©ff^-C3-f;i/S©IHSIC5 0 0W©RF 

(13. 5 6 MHz) l*€fiALTy7X-7*tsELT 

«3 o#©x^5 i > ; y*fT'5. mm (Kwx^-y) 

tC«10W©RF (13. 5 6 MHz) m#£&AU #lSt 

JB3©Xy5 t >^*frK:J:0!B2»*©l»«Ji2 2 0 a 
2 2 2 a- 2 2 4 a^Iyf >^btl3©f tt© 
it!2 3 0~2 3 3 (Il©ltI2 3 0a~2 3 3 
at^2©fH2 3 0 b~2 3 3 b) £^j5£T£>. 
[0 0 8 0] *rfcfCU>?X ^5ft*V7{' 2 

5OS:^J6KLT05 (C) JC^TJ: 5 dig 3 © H-tf> 
tf®M*fto* d©®3©K-tr>^atC<t«3. ^1 
©P»l#®«2 3 4, 2 3 5«$n5. p3>¥ 

»^®«*jgj«r-sfc»(c^jjo$tifc^p>©«fli«i 

X 1 0 ,0 ~5 X 1 0"/cm 3 T$>0$t©IST^JD$nfc 
jfcSftcfcD&l. 5~3fgii5V>J«S<hT<5. 

[0 0 8 1] W±^T©XgT-etl^-*n©¥^»iCn 
M^fetip^©¥^#®«^^^n^<, «2©f«© 
if!2 2 l&tf, S3©M©ifI2 3 0. 2 3 1 

^2©«©ill2 3 2 
«HmgBlC*5^T«^fi*^fi)c-r^-^©llffii:^ 
•5. S3©f«©StI2 3 3«iii^gB{C*5t.i 

[0082] &iat*. (ojimieluK 

2 3 7$isEt5. COflllO*m««K2 3 7 «. ^ 

1 0 0-2 0 OnmtLTJgfirf -5. -?-©0?i6&— flltt. 
^5X70 VDSiCiO^fie^n^Kff 1 5 Onm©gHfc 
SMfc->ya>flttN&*. ^Hr. SB l ©1^^812 3 7 

tzmitmt <> >j 3 >ikcibj£3 n« t> ©x& < . to© -> 
[0083] -tn-tno¥«w*»»cj8iosnfc 

77-^X7r-J^LRTASXGRTAS, U~ 
■»f-3ttO!IWtU«fcOff3i4:3S«"r#«. 77-^X7^ 
-;pftT?»4«»jp*fflt», ^^#HSC+T"4 0 0-7 0 
0*C, «*69lctt5 0 0*C»CT4«MHOJn«Waa*ff 
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5. U— tf-ftommz&Vfis&itZfToizit, YAG 
U— tf-e>m2mm& (5 3 2nm) S«fiH^e> 

• RS»T-5. :ntt. ^2fttOltl2 2 1 tSft-SSg 
2<Z>nS¥^#fg^£+#?S&ffc£l*5fc#T&.5. ^ 

0. S«®i^ffiX«»«{|il*^7>^iIS©i|iit{Cct0 

• [0 0 8 4] 06 (B) C^-r«t5{C, ~fv~X 
V C V D ftTgft -> U 3 6 J«* » 2 OJRIRI&IMR 2 

: 3 8S#J*U £ 'J->t-^>*ffl^T4 1 O'CcOfS* 

[0 0 8 5] 0 7 (A) {C*-r«t^«C. 12© 

J»fltt*lt2 3 8±£*8Ue«M#tt*&j£«jff3®JI 
MttINR2 3 9 y-$Hl2 2 4 1;: 

arr*3>** h *-)Vh&^i&®femzmTz> 3 

^ F*-;P£j&fi£-f -£>,, ^CD&. Al, Ti, Mo, W 

i¥5 0~2 5 OnmCDT i K<t. ^i¥3 0 0~5 0 OnmCD 
(A 1 tT i tCD^&Bt) tlMiltfl^*. 
7-XifcHHW>ESI2 4 0, 2 4 1, 
y- FEU 2 4 3 . ttl^iB^ 2 4 2, H3l««B 2 2 4 # 

[0 0 8 6] £LtC9«fc?i;:LT, W— SSifcP? 1 ** 
JI/STFT3 0 3, nft^HTFT3 0 4i!i^to 
ffi»)leI8§3 0 1 nft^STFT3 0 5*^(3c5 
mm^3 0 2Sr^fi£-TS^t^T^-5). n^^^Jl/MT 
FT3 0 5tev;^y-h#lig£#L-0>-5. H 
3Stg&3 0 2l:«*iM2 0 6, y-h*&gk|g|2 3 6t 

isiT»*sft5ifisw. is 3 mvivmnm 232*^ 

[0 0 8 7] K»j|5I8&3 0 l©pft^HTFT3 0 

3 letter *;H&j6fc®« 245, y- h*ffi£^j«-r s 

Jg 3 C90ttCQSg«JI 2 3 0 O^MBHcSg 1 CD p I¥»#fi 
«2 3 4 (V-Xfig^fcHFl^ >iigiLtilt 

ttTHS. nft^HTFT3 0 4(ift^l'M 
182 4 6. S2 COJgttCOS^e 2 2 1 <h-g&#Sfc-5 
m2C0n^*^<*:®JS2 2 6 (LDDgf) £. 7-X 
®«S fctt F U-f yWS.iL LT®m?Z>& 1 CDnSJ¥3£ 
#S82 17**LTl^. i©«J;o^LDD®«CD« 
riEtt, h*A-U7$mtC<fc£TFTC99J{fc£E5 
<*£<h£@e<}<hl,T^£. :Oi54nft^HTF 
T&tf p^-r^JPSTFTfC.fcOv';? hkvX^HJSg. 

■=>. nft^JHTFT 3 0 4 ©#ti£#j6LTV>-5. 
[0 0 8 8] BiSSlg&3 0 2©n?t^;HTFT3 0 5 
(Cte^r 2 4 7. ®3COJgt>ecO««H2 3 
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\<nftW\ZM&.-ZtlZ>Wi2<DnM*m&fc)$.2 2 7 i. 
V-*«**fctt F U-f >®8i LT$fiir*ffS 1 con 
I9¥«(M«2 1 8*#I/Tl»«. ftl8)8S3 0 

6 CO-^CO«®<i: LT«fig-r*¥i8#JI 2 0 6 KteSg 1 
0>pS!iMM*»W2 3 5««»St3ftT^4. 
[0 0 8 9] B*«K:*V»T, 2 4 4«SJ^m®Tab 
0, 2 4 2 lir-?« 2 2 4 ^¥9#R 2 0 5 ©* 1 © 

4 3«y-hE^-e*o, Hfcawsnt^av^. 

10 y-h««B<!:bT*Sfi6-r^>m3^«co^«©2 3 1 

[0090] attars 3 o 6 ammt. 07 cb> 

TJ:5Ki*W*lKBt2 0 6, f- V mm 2 3 6 . §«@ 
« (SB3J&ttCDSS«Ji) 2 3 2-CMSn, Mftrsil 
5^C0y-hffi«|2 4 9 t««!StlTV»*. 
[0 0 9 1] £CD«fc3;£iIifiiBB3 0 2CO±®0*ia8tC 
08T««t£— i®5St#CD±ffi0£:^U #-^-T-5 

®^\*mi (a) tftiaafeotbTu*. a- 

A'fttfB-B'|g<Z>BrSttjfi#tH7 (A) RCXH 7 
20 (B) K*#J6LTt»*. H8®H*»i6K:*V»T. y— 

0. y-FE^2 4 3t¥i*i2 0 5£S:i:£-t£SC: 

t^pitgi^ o , y- hsieic&ftiKi: LTvmm&tt 

H**S2 4 4©JH«*5 f — 3 3 4:afe* 
J:5fcE«£n. j&ftJK (^'^VhU^X) CO^fig 

[0092] *&MM-zmrfi2nz>wmmf& 3 0 1 , m 

30 mm 3 0 2*<l^fc*«$r^JiT^yw7 r VF'J^7. 

*»J*-ract*«T**. ilOttTFTtioTil 
«co^K$iftHj-r-5)0T^So S«5 0 i±ic«iamgB 

40 5 0 6. ^ftimSS 5 0 4 , 5 0 5i«StlW5. S 
it. S1fiC0-^C0Sffig6{C«AX7^5 0 2*t^$n. 
^•ffiKllfllKJC^iBgt- -5E^5 0 3jJ«§l*IBSnTV»*. 

[0093] mmm2^mmm-vitmmm<D»^mm 

*l/Tt>5. nft*MTFT3 0 5^»ttlft$S3 0 

[0 0 9 4] aafflKSt«UfcT^^y"7h'J^X» 
50 «£^j£-f5lc{;i. S3tttcoH*«ffi*}gfiK-rs^S^ 
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nmm i \zh^t. m3v>mfflt&mm2 3 9icn 
- &e>mmmm2 5 oejgjs-ra. ^©&, ^112 4 

2^-1-112 4 3. Rtf n^^JI/SJTFT 3 0 5 CD 

jg i oni¥Sft?i«tiiig2 5 o tmimTzmm 

E^251, ttS)#fi3 0 6 J§5fiE-T5¥ 
m&R 2 0 6 tHiitmS 2 5 0 SfflMrT SffiRGCl 2 5 

; 10 

[0095] mmm 3 ] **jg^iT«. ^ss^u 1 -oem 

[0 0 9 6] §HSS0iJ 1 \zm^ 0 7 (A) ODttSg 

Vh'Ji7X*«±{cE|pJ^6 0 4 4MU7f>^ffli 

[0 0 9 7] &V>-C\ *f 6 0 1 ±fC*fftm8i 6 0 

2 SrJfcfiKU *HfilS«6 0 1 ©^®tCgBffi]8g6 0 3 

j*L/5e>y«ia*ifi-r. *h*i«*6 o 2«i roti 
at*, tit, H*«tB»iaiS5a«»j«snfc7 , ^5 ! - 

■f) Tftso^fc-a-s. <>-jnwKi47-f 5-*«fixan 

^oT2ttWS«^ft5 0'&*D-e-&n^o -^©&, 
OP B 1{c^ffi«i|Ef6 0 5££AU Mih?RJ (B^-tH*) !C 

[0098] mmm4m\ steTZT^zr-^hwx 
mmttv>mftmm<DMm&*k-r-mT*&z>. z.z\x-m 

TmWimt&&6 5 O0nftWlTFT6 5 2. 
Y^HTFT6 5 3. SOWsiigB 6 5 1 ©X-f V ^> 
yfflT F T 6 5 4 . ttSitfMWHT F T 6 5 5 te^SSfcl 1 40 

[0 0 9 9] y-h«®6 0 8~6 1 1 ©±@f£«:. g 
£#tt*>&j««jg2®jilKlttfM!t6 1 9£J&fiELT^ 

■5, 

[oioo] KiftiHii^gB 6 5 o ©Eggstj&te, y-bm 

-ete=£B&-r-2>. nft^HTFT6 5 2R^pfv* 50 
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JHTFT6 5 31C«i2^6 1 2. 6 13fl»«ttU C 
n6©TFT$ffll/)T->7 WS7.9 J $>?y : f-W&. A 

[0101] BsJtgB 6 5 1 x-rS'ffi^ 614*<X 

^^f>^TFT6 5 4©7-X{B(K;r8e^U h'H 

>«!i©E* 615 itmrnmnmr f t 6 5 5 ©y- h« 

«6 11t«ttLT^«. «8fEfMWBTFT6 5 

5 ©V-Xfi!l«ffijIg«i^Ei^ 6 1 7 L&WiXs. h* K > 
«©tt!6 1 6j5^7t^©|^®i:^LT^-5o 

[0 10 2] Cine.C0E^±lCt4^b-> , j3>^:i:CDW 
®«fe&*m^<=>fi£-5Sfl2 OJHRHMftBt 6 2 7 SrJgfiELT 

tt»s»oTns. •€-©H ! oa<«ftm<*n*£*f«Mi: 
fcs©-?. H,ooaBKRtm*a*B6<"fc»ic m2 

OANttMR 6 2 7 ©ifcSMbi' U 3 fcttKftSEit 

tt. JB2 0Jinfe«R6 2 7?tB&LT. ^3#gigti86 
2 0©— Jf ©*T;i©Jl£0/&t-£;r<tfcpJtr? t &-5. 
[0 10 3] #^fg7tS^6 5 6tt^3«68il6 2 0± 

fc»#u i to (SMbos^A • xx) ttfoan 

gtLi F^i*©y;v*'j^«Sfctt7;i'*'j±S^JB 

-5. «4MI:dtti6 2 3©»liai»4tt«!!i:fe©tt 

2 fc*V>TH 5 TTSSnT 

[0104] mmit-smm 623 ^igg 6 2 4 «*xy 

hMS (**KlJ:*Xy5 t >^*iltJ4i:Offl31) $rfT 

prt^TtftwT, ^®6 2 1 tc-^tj-a-T. *r88*e 
W6 1 9±fc*S3ttt*e«»T»riEsn*BittJi6 2 
2 Biee 622 622 ©sfflge^^st- 

*J:5fc»J«-r*. SiSfS 6 2 2 

©l/^hSi^U ^-i'^fC 1 ~2 Mmiga?«)J?$ 
ifcSJ^RUBJfcr*. ^©^. BfffiO/^i' — >*»W 

[0 10 5] i!6 2 4ll tfc^K»«/jN$^-7^-> 
>>A (Mg) . U^<7A (L i) fb<ttA^y-?A 

(Ca) *-gftr»»*fflti*. »$L<ttMgAg (M 
g<hAg£Mg:Ag=10: ltl^UfcOT) T^c 
Sfl®*ffllJtl«AVi. ftfitCfcMg AgA 1 mm. L i 

A 1 mm. Sfc. L i FA 1 *a#*#tf ^ 
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[6 2 5£2~3 Onnu $?£L<«:5~ 1 OnmOJPS 
DLCH«-/7X*VCVD^-C^fiKnr^T 
£9. 1 0 O-C^TcDMST^UTfc. ffilB14m<RI 
gjf6 2 2©S^gl5*SoT^-r^^i:^T^^. DL 

O. CO,. H,OU£<D#X/W7&tf&^Z\ 
tlT^*. $g4iffog$|6 2 511 |£8b6 2 4£Jgf£Lfc 

*%mtsiLte^-cmmmzBf8.Tz>zti)m3ii, 10 
v». ii6 2 4 tmmit^mm 623 i©^Mttsgtt* 

[0 10 6] Z\<D£o\Z* MStfB 6 2 2 {CST -5 d LfZ 

< mmit&mm 623. bsji 6 2 4 &Bi&vmm%ft 

tc^b-> U n >S£:tegHfcSte-> 'J n >Rtf D L CJSI 6 
2 5/W£j&£tlTV>-5. Sfc, Ctl&ttW«55^Sl^6 

5 6&m?&7)ijjv<&m7tm&ftiztii2f3.^rztr><z>m 20 

[0 10 7] Bl 3THX^-vf>^TFT6 5 4£ 
VJl^y-MJIififcU tt^SOTflfflTFT 6 5 5£liy 
-h*®t^--A'-7^y-r-5iS«Sh*K> (LD 
D) t«ttT«r»a. *BI'>'J3>*ffll»ftTFTtt. 

tC&^«a5tfMffllfflTFT) £JBW*ir<>:te, ffilr>ft« 30 
[0108] 013 T^t" <fc O \Z, TFT654, 65 

5 &M&c.-rz>*m&me>Tmm (s«6 o im) \z\t. 
ieiiKiuR6 o 2d^^$nx^s. ■?-©s^©±s#j 

(C«^2«feig:)K6 1 S^jgfig^tlTl^,, — 2f. W«8?8 
#^6 5 6©T@fflJlC«^3«S»JK6 2 0*»^Sn 
TV»*. ±J|fiflcam4|ftWK6 2 5s9«»J«Sn<&. * 

lt. *<Dmm<DWiz\tmiitt&um6 1 9*<»j«sft. 

-*ftSnT^5. TFT6 5 4. 6 5 5^1fcl^t 40 

i ^waasjt*^ 6 5 6 ^i6ns*t, t* 1 tmm 6 

0 2 £&2fimB&6 1 8Tffltfd<i:fC«t07 r O>v + >^ 
bTl»*. mm&ftfGT 6 5 6«S?3i^H, 0£ 

16 2 0, SB4«S«BI6 2 5**»J«*nT^*. CtlS 

[0109] 01 3-e*T£?ti.mT&<Dm®ftftmwiz 

J3V>T. 3»*«ttfP«#ft©-«tt, )IS3|filUt6 2 50 
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o, iToic«*sn*awiB«ffliTfp«*n*»«6 

-ear*. w$*g&jgt6 1 9CD^gsjc#u^^-s?&# 
a * c. t & < . m&tt&it -> u 3 >ei£ fc ttBMbSMt -> 

U 3 >|&£ jgjsfc-r -5 \z \tx /t y * u > ttig L T H 

[0 110] W±©«t5!C, TFTfcW««3t|fi«*a 
*iT€?-5. £<D<k5&fe>fc&ateTFT£fflVvr&I&[Hl 

K*ra-ai«±K»jsK-r*iii , bT**. iai3-e*-r 

-> U 3 > * fcttBMbSMfc •>U3>#S*4yB5»*>y 

7)Vil U &Jg£-gBic:-&*, itfl:^ U 3 >S 
ft -> 'J 3 > 6 ft *«^Jg| i: . Sffc -> U 3 > £ It 

[0 111] ^©ct^lC #«9itt*»M&fc*t-r*4*tt 

[0 112] Htltff5]JlMIIMUB®&«*^**lftJI 
fl:«©#i»#:|!l^6»*-r*il*J4. yy*U >^©*0 
J»ii*-*ii9IHl©tfi»c. £K¥*ttjR4>JSAft:¥ 

[0 113] ffAK^>jn>JKK:nrsrdr;u«CAiUTAi 

*^6<J{C«, GRTAttCi 9ftHR&9fiA$6 5 0*C 
(#®^P B T3»3 0S>) tU, tt«WHBtSSATf^« 

LfcK«oiBafl:*©-«eH 1 7 tH i 8 tc^-r. 0 

fcfi LT^n y h t/fc»*S*LTl»6. B18H7 
'7>MX'<i' h;W^*»ftTO (a-S i : 480 
cm') tTO (c-Si : 52 0cm'#jfi) (Did— 

sitt&mmmmmizttvzftiy hvftmm-c$>z. ma, 

itmitiii± J Er9 5~9 9. 9 %0|fiH'e*<k 
[0 114] y-^U !f— 3tt (XeClx+ 

->VU— tf— . 4 8 0mJ/cm , ) SHUtLfcaKfrofc. 

v— v-%<Dmmz&r>i&& i {m\-&m£\ 00%^ 

T^*. ^CD«S8T. 6 2 5 < C£6 5 0'C (&&M.mm 
3^3 0^) T'3ttffl<D?-yi?i)>ymW$:Lfzm-&<D 

RF (Total Reflection X-Ray Fluorescence:^SIt^: 

3tx^^) iciOiilSUfc. 01 9«6 2 5-c-ey-v 
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;uisa«A* 5 y i^feit5<&oTif>£. - 
02 o^^-r«totc6 5 o^-ry^u >yifci 

[oils] u— *f-x<Dmttm<Di&M,itm\z&ftis 

jWiljn-rsote, i»asjiLfc->'JiM' Kftbfcx^;!, 
*«wt±j is*<DmmmmuQ ltx ? t y * )v -> 

• 'JIM K»«Tttl^7i^^<J5:S^-C&-5i#Ae.n-5. 
y 7^ 'J >^©fiSAWt5i:y7^ 'J >^-f h 

<, 9 5 ~ 9 9 %ggtt5 tl^i 
[0 116] »Ji^J6]&l!«^fflCD$,^^Jg7cm<£i^ft 
fti©->'J 3>I«^iSTt^^^lt fyW > 

[0 117] 02 111 ^&<fc£«Ejt-f&&S7nfii<hL 

O-C**. l^—' !f— 3tttt/t;UX5filBX e C 1 X+->VU 
— If- «13 0 8ddi) SrftiHtU «i9jILJli£&3 
OHzT, |s|i;6B*gc£ 1 2iai*03lLRg|*5aSbT$.So 
X^;i/^f-?gS«, fi?ifMM$T&3 4 8 OmJ/cm' Id** 
b, 3 8 OmJ/cm' £55 OmJ/cm* ©If-g-JCOl^Tifcitb 

[o 1 1 8] 02 ix°\tm£hikvtz~>V3>miz£iV2> 

M) A^«IL. @«#®#3?®tcft^T&»rf£f:: 
sbX&Zo BP*. HfcatfK^tttt+fc-vir^flHfr 

SStIitl.Ctii|iff5. 02 211 If— 3t© 
X^JM 1 — 2 4 0 ~ 5 5 OmJ/cm' *T&flS$-fci- 

V>T. *®Jri3^-5X-yy;UigS^iiJnT'5«)«3 6 0 
mJ/cm ! ^±T*-5o 

[0 119] Z.<DXo\Z. X^;i/^-SB«3 6 OmJ/cm' 
J&«B5ffj&£fcoTV>*a«, 02 3T*-r«k^fC^V>^ 

ftx^i? hMza^^^^ziXD^y^y htfit 

aStlC^^-r^^T**^. 0 2 2 i02 SW^-^te. 
X^;^-««3 6 0mJ/cm'R±T->'J3>l^7Si^l6« 
Si £ *1 T It Hfc L T l» -5 C <h * * L T V > £ . 
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to 1 2 o] ^mt^nm.^^mmmn^-mmm 

H£0 2 4«C. m?%k®ti\fo*m2 5JC^-r. utl«4 
8 OmJ/cm'CDU— tf-^S:SgWbfc^(75lSi|6f-e$)-5o 0 
2 4fC*3l^TteX>;/y;i^>>J-tM' H £>te^&£flllg-r-5 
^t^T^So 02 5©«^IeISr»*^»€.nfcSgfi 

<D®r B imit** i tc^-r. « i \z &m$i&mzmmt<ti 

2>-y5-)l>*sVV( KteN i S i,Tte&< Ni,S i , 
§L<IJNi ! S iT^St^^tlS. !✓—■ !f— 
J»»fcJ:0*ilLfc=y^ttia»aiK:«fcO, Ni.S 
10 i i , S i <D&m-cm.mzmf&Ltzi:?)-2>Z\£tf-V 

#5. Z\tl\tm&\Z&&.l,T^tzN i S i,WU—*f— 
CDX*;Mr— tiON i,Si,^Ni,Si IC^fcbfc 
fc©tM2n2>. N i, S i,^>N i, S i ttf&WJ^ 
feti.MS.tfl&^OX', £n 'JIM FfrZlZ—y^ 

;i/*t«m £ n^r v» -5 c t z> , 

[0 12 1] 

«ii] 









Ni,Si ,(420) =2. 6637 A 


2. 677 A 


N 1 jS 1 2 (330) =2. 700 A 




Ni t Si (122)=2. 68 A 


3. 0BA 


S I (111) 


1. 24A 


S i (331) 



[0122] mmw7i*ftw&m^zz.£iz&om* 

30 7 r -f*n>#^) . hffl/x— y^-;i/3>tf3.— ^. 

gl©I#M401 5*5«fcy:01 6(C^-To 

[0 12 3] 015 (A) lif-fXi'Hy^-yt 
;Un>tfi — ^^t'ro^x^-T^O. 1*3 3 0 1, 
3£J$-fr3 3 0 2, ^gP3 3 0 3&f)J^fcTH5. 
#fg(!q£ffl us 9. *^gB3 3 0 3^<DmM 

40 [0 12 4] 015 (B) titf^^^^TTabO, *#: 
3 3 11. 3 3 12. ^Xf}^ 3313, Aft 

X< -y^3 3 1 4. /t9f'J-3 3 15. S^gB3 3 1 
6^£^tr. *%BJ^ffiti^ci»Cj;fp. *^gC3 3 1 

[0 12 5] 015 (C) it^y KV^>hEL^^X 
yu-f©-gB (*>t» T-*0. *#3 3 2 1, m#-!r 
3 3 2 2. HgBHSt/O K 3 3 2 3 . S^gB 3 3 
2 4. 3t^3 3 2 5. *^gB3 3 2 6^£^tT. 
WZm^ZZtlZ&K), **SB3 3 2 6^<7)te*«lHl 
50 KJS!j§t5^i)!i<Tf5. 
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[oi26]0i5 (d> mimtmft&ffi*-tzm&ft*k 

mm (H#B<Jl;:teDVDfS££fi) T&D, ##3 3 3 

1. I2®«E# (DVDfP) 3 3 3 2, MMh*'Ty?3 3 
3 3. S^SB (a) 3 3 3 4. (b) 3 3 3 5& 
<h*^£fiEoTt^5. «*SB (a) 3 3 3 4«£iLTi® 
«***B*U (b) 3 3 3 5tt±tUXt 
tifSg£«^T3dt, *KW&m^Z>Z.t\zJ:r). S^gB 

(a) 3 3 3 4, **gg (b) 3 3 3 5 ^ 0 

[0127] 015 (E) (4^-^;H*^8f C\y 
Hv5>Kr^xyH) ##3 3 4 1. 

SB3 3 4 2. 7-ASB3 3 4 3£"&tT. #%aj*ffl^^. 
^<tlCctO. «*SI53 3 4 2^©te*aiHli^^Sii@-r 

[0128] 015 (F) \*; — hmn-vi-)izi>\£ 

i-^-C&D. ##3 3 5 1. 1*3 3 5 2, *7KgB3 
3 5 3. *-*-K3 3 5 4lg£^tr„ *&W&m^Z 

»sgB3 3 5 3^<Dmmm®&&®m-r 

[0 1 2 9] 01 6 (A) «^«IST$»0. ##3 4 
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